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THIN FILM TRANSISTOR PANEL HAVING
AN ETCH STOPPER ON SEMICONDUCTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser.No. 12/957,743, filed on Dec. 1, 2010, and claims priority
from and the benefit of Korean Patent Application No.
10-2010-0012957, filed on Feb. 11, 2010, which is hereby
incorporated by reference for all purposes as if fully set forth
herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Exemplary embodiments of the present invention relate to
a thin film transistor panel and a method for fabricating a thin
film transistor panel.

2. Discussion of the Background

A flat panel display, such as a liquid crystal display (LCD)
or an organic light emitting display (OLED), typically
includes pairs of field generating electrodes and an electro-
optical active layer disposed between each pair of field gen-
erating electrodes.

A pixel electrode, which is one electrode of the pair of field
generating electrodes, can be connected to a switching ele-
ment that transmits electrical signals to the pixel electrode.
The electro-optical active layer operates in response to the
electrical signal, thereby displaying images.

A thin film transistor (TFT) is typically used for the switch-
ing element that is connected to the pixel electrode. A TFT
includes a gate electrode, a source electrode, a drain elec-
trode, and an active layer disposed between the gate electrode
and the source electrode and the drain electrode. The active
layer may include amorphous silicon or polycrystalline sili-
con.

High-mobility TFTs should be used with larger flat panel
displays. A TFT having an oxide semiconductor as an active
layer has shown high performance. The typical TFT fabrica-
tion process involves depositing and patterning multiple lay-
ers. But when fabricating a TFT having source and drain
electrodes on an oxide semiconductor active layer, the oxide
semiconductor active layer may be damaged when forming
the source and the drain electrodes, thereby degrading the
TFT’s characteristics.

To reduce or prevent this damage, as disclosed in JP 2005-
285890, a channel protection layer may be formed on the
oxide semiconductor active layer before forming the source
and the drain electrodes. However, forming the channel pro-
tection layer on the oxide semiconductor active layer can
increase the number of photolithographic processes used to
manufacture the TFT, thereby increasing the time and cost to
manufacture the TFT panel.

SUMMARY OF THE INVENTION

Exemplary embodiments of the present invention provide a
thin film transistor (TFT) panel in which damage to a TFT’s
oxide semiconductor active layer may be reduced or pre-
vented without increasing the number of photolithographic
processes.

Additional features of the invention will be set forth in the
description which follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tion.
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An exemplary embodiment of the present invention dis-
closes a method for forming a panel including a thin film
transistor. The method includes forming an oxide semicon-
ductor pattern including a channel region, forming an etch
stopper at a position corresponding to the channel region, and
forming a first electrode and a second electrode spaced apart
from the first electrode. The channel region is configured to
connect the first electrode to the second electrode. The oxide
semiconductor pattern, the first electrode, and the second
electrode are formed using a first mask.

An exemplary embodiment of the present invention also
discloses a panel including a thin film transistor. The panel
includes a substrate, a first electrode on the substrate, a first
insulating layer on the first electrode, and an oxide semicon-
ductor pattern on the first insulating layer. The oxide semi-
conductor pattern includes a channel region. An etch stopper
is disposed on the oxide semiconductor pattern, and a con-
ductive layer is disposed on the substrate. The conductive
layer includes a signal line, a second electrode, and a third
electrode. The second electrode and the third electrode are
disposed on the etch stopper and the oxide semiconductor
pattern. Except for the channel region of the oxide semicon-
ductor pattern, sidewalls of the oxide semiconductor pattern
substantially coincide with sidewalls of the signal line, the
second electrode, and the third electrode.

An exemplary embodiment of the present invention also
discloses a method for forming a panel including a thin film
transistor. The method includes forming an oxide semicon-
ductor pattern including a channel region, forming an etch
stopper at a position corresponding to the channel region, and
forming a first electrode and a second electrode spaced apart
from the first electrode. The channel region is configured to
connect the first electrode to the second electrode. The etch
stopper and the oxide semiconductor pattern are formed using
a first mask.

An exemplary embodiment of the present invention also
discloses a panel including a thin film transistor. The panel
includes a substrate, a first electrode on the substrate, a first
insulating layer on the first electrode, an oxide semiconductor
pattern on the first insulating layer, an etch stopper on the
oxide semiconductor pattern, and a second electrode and a
third electrode on the etch stopper and the oxide semiconduc-
tor pattern. The first insulating layer includes a first region
disposed under the etch stopper and a second region disposed
outside the first region. A thickness of the first region differs
from a thickness of the second region.

An exemplary embodiment of the present invention also
discloses a panel including a thin film transistor. The panel
includes a substrate, a first electrode on the substrate, a first
insulating layer on the first electrode, an oxide semiconductor
pattern on the first insulating layer, an etch stopper on the
oxide semiconductor pattern, and a second electrode and a
third electrode on the etch stopper and the oxide semiconduc-
tor pattern. A pattern of the etch stopper is contained entirely
within a perimeter of the oxide semiconductor pattern, and
distances between corresponding sidewalls of the etch stop-
per and the oxide semiconductor pattern are substantially the
same.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
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porated in and constitute a part of this specification, illustrate
embodiments of the invention, and together with the descrip-
tion serve to explain the principles of the invention.

FIG. 1 is a plan view of a thin film transistor (TFT) panel
according to an exemplary embodiment the present invention.

FIG. 2A is a cross-sectional view taken along line A-A' of
FIG. 1.

FIG. 2B is a cross-sectional view taken along line B-B' of
FIG. 1.

FIG. 3,F1G. 4, FIG. 5, and FIG. 6 are cross-sectional views
showing steps for manufacturing the TFT panel of FIG. 1
according to an exemplary embodiment of the present inven-
tion.

FIG. 7 is across-sectional view ofa TFT panel according to
an exemplary embodiment of the present invention.

FIG. 8 is a plan view of a TFT panel according to an
exemplary embodiment of the present invention.

FIG. 9 is a cross-sectional view taken along line C-C' of
FIG. 8.

FIG. 10, F1G. 11, FIG. 12, FIG. 13, and FIG. 14 are cross-
sectional views showing steps for manufacturing the TFT
panel of FIG. 8 according to an exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Exemplary embodiments of the present invention now will
be described more fully hereinafter with reference to the
accompanying drawings. This invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the exemplary embodiments set forth
herein. Rather, these exemplary embodiments are provided so
that this disclosure is thorough, and will fully convey the
scope of the invention to those skilled in the art. Like refer-
ence numerals refer to like elements throughout.

It will be understood that when an element or layer is
referred to as being “on”, “connected to” or “connected to”
another element or layer, it can be directly on, connected or
connected to the other element or layer or intervening ele-
ments or layers may be present. In contrast, when an element
is referred to as being “directly on,” “directly connected to” or
“directly connected to” another element or layer, there are no
intervening elements or layers present. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated items.

It will be understood that, although the terms first, second,
third etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another element, component, region, layer or section. Thus, a
first element, component, region, layer or section discussed
below could be termed a second element, component, region,
layer or section without departing from the teachings of the
present invention.

The terminology used herein is for the purpose of describ-
ing particular exemplary embodiments only and is not
intended to be limiting of the invention. As used herein, the
singular forms “a”, “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises” and/or “comprising,” or “includes” and/or “includ-
ing” when used in this specification, specify the presence of
stated features, regions, integers, steps, operations, eclements,
and/or components, but do not preclude the presence or addi-
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tion of one or more other features, regions, integers, steps,
operations, elements, components, and/or groups thereof.

Furthermore, relative terms, such as “lower” or “bottom”
and “upper” or “top,” may be used herein to describe one
element’s relationship to other elements as illustrated in the
Figures. It will be understood that relative terms are intended
to encompass different orientations of the device in addition
to the orientation depicted in the Figures. For example, if the
device in one of the figures is turned over, elements described
as being on the “lower” side of other elements would then be
oriented on “upper” sides of the other elements. The exem-
plary term “lower”, can therefore, encompasses both an ori-
entation of “lower” and “upper,” depending on the particular
orientation of the figure. Similarly, if the device in one of the
figures is turned over, elements described as “below” or
“beneath” other elements would then be oriented “above” the
other elements. The exemplary terms “below” or “beneath”
can, therefore, encompass both an orientation of above and
below.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

Exemplary embodiments of the present invention are
described herein with reference to cross section illustrations
that are schematic illustrations of idealized embodiments of
the present invention. As such, variations from the shapes of
the illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
embodiments of the present invention should not be con-
strued as limited to the particular shapes of regions illustrated
herein but are to include deviations in shapes that result, for
example, from manufacturing. For example, a region illus-
trated or described as flat may, typically, have rough and/or
nonlinear features. Moreover, sharp angles that are illustrated
may be rounded. Thus, the regions illustrated in the figures
are schematic in nature and their shapes are not intended to
illustrate the precise shape of a region and are not intended to
limit the scope of the present invention.

All methods described herein can be performed in a suit-
able order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as™), is
intended merely to better illustrate the exemplary embodi-
ments of the invention and does not pose a limitation on the
scope of the invention unless otherwise claimed. No language
in the specification should be construed as indicating any
non-claimed element as essential to the practice of the inven-
tion as used herein.

Hereinafter, exemplary embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings.

FIG. 1is a plan view of a thin film transistor (TFT) panel 1
according to an exemplary embodiment the present invention.
FIG. 2A is a cross-sectional view taken along line A-A' of
FIG. 1, and FIG. 2B is a cross-sectional view taken along line
B-B' of FIG. 1. While only a single pixel of the TFT panel 1
is shown in FIG. 1, one of ordinary skill in the art may
appreciate that the TFT panel 1 may have multiple pixels, and
according to an exemplary embodiment of the present inven-
tion, they may be disposed in a matrix on the TFT panel 1.
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Referring to FIG. 1, FIG. 2A, and FIG. 2B, multiple gate
lines 22 and storage electrode lines 28 are formed on an
insulating substrate 10. The insulating substrate 10 may be
made of glass, plastic, or other suitable insulating materials.

The gate lines 22, which extend in a first direction, transmit
gate signals. Each gate line 22 includes gate electrodes 24 that
protrude from the gate line 22 and a gate pad (not shown). A
driving circuit, such as a gate driving circuit, applies driving
signals to the gate pad. Alternatively, the gate pad may be
omitted and the gate lines 22 may receive driving signals from
a driving circuit disposed on the substrate 10.

The storage electrode lines 28 extend parallel with the gate
lines 22. Each storage electrode line 28 includes storage
electrodes 29 that protrude from the storage electrode line 28.
The storage electrodes 29 are arranged parallel with a corre-
sponding data line 62. The storage electrode 29 includes an
opening in its central portion. Thus, the storage electrode 29
may have a tetragonal ring shape. In this case, a portion of the
opening may be disposed to overlap with the data line 62. The
storage electrode line 28 may receive a preset voltage. The
storage electrode lines 28 and the storage electrodes 29 can
have various shapes and arrangements. Alternative exem-
plary embodiments also include configurations in which the
storage electrode lines 28 are omitted.

The gate lines 22 and the storage electrode lines 28 can be
made of various conductive materials. For example, the gate
lines 22 and the storage electrode lines 28 can include alumi-
num (Al) or an aluminum alloy, silver (Ag) or a silver alloy,
copper (Cu) or a copper alloy, molybdenum (Mo) or a molyb-
denum alloy, chromium (Cr), tantalum (Ta), and titanium
(Ti). According to an exemplary embodiment, the gate lines
22 and the storage electrode lines 28 can include multiple
layers made of various conductive materials. For example,
they may include a double-layered structure such Al and Mo
or Ti and Cu.

A gate insulating layer 30 is formed on the insulating
substrate 10, the gate lines 22, and the storage electrode lines
28. The gate insulating layer 30 can include an insulating
material such as silicon nitride (SiNx), silicon oxide (SiOx),
silicon oxynitride (SiON), or other appropriate insulating
materials. The gate insulating layer 30 can include multiple
layers made of various insulating materials. For example, the
gate insulating layer 30 can include a double-layered struc-
ture of a lower layer of SiNx and an upper layer of SiOx.

An oxide semiconductor layer 42, which includes a chan-
nel region of a TFT, is formed on the gate insulating layer 30.
The effective carrier mobility of an oxide semiconductor may
be two to one hundred times greater than that of amorphous
silicon. The oxide semiconductor layer 42 may include one or
more compounds represented by the formulas A B, O, and
A, B.C O,. Here, A may be In, Zn, Ga, Hf, or Cd; B may be
Zn, Ga, Sn, or In; C may be Sn, Zn, Cd, Ga, In, or Hf; and O
is atomic oxygen. Each x is independently a non-zero integer,
and A, B, and C are different from one another. For example,
the oxide semiconductor layer 42 can include one or more of
the following compounds: InZnO, InGaO, InSnO, ZnSnO,
GaSnO, GaZnO, GaZnSnO, GalnZnO, and HfInZnO.

An etch stopper 52 is formed on the oxide semiconductor
layer 42. The etch stopper 52 covers the channel region of the
oxide semiconductor layer 42, thereby preventing or reducing
damage to the channel region caused by an etching solution,
an etching gas, or plasma used during a subsequent manufac-
turing process. The etch stopper 52 may be made of an is
insulating material. For example, the etch stopper 52 may be
made of SiOx, SiNx or other appropriate insulating materials.
Generally, the channel region refers to a portion of a semi-
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conductor layer that forms a current path between a source
electrode and a drain electrode.

Multiple data lines 62 and drain electrodes 66 are formed
on the gate insulating layer 30, the oxide semiconductor layer
42, and the etch stopper 52. The data lines 62 transmit data
signals and extend in a second direction crossing the gate
lines 22. Each data line 62 includes source electrodes 65 that
protrude toward corresponding gate electrodes 24. The drain
electrode 66 is disposed opposite to and spaced apart from the
corresponding source electrode 65 with respect to the gate
electrode 24. A portion of the oxide semiconductor layer 42
between the source electrode 65 and the drain electrode 66
forms the TFT’s channel.

The source electrode 65 and the drain electrode 66 may be
formed on sidewalls of the etch stopper 52, as well as on a
portion of a top surface of the etch stopper 52 that extends
from the sidewalls. As noted above, the source electrode 65 is
spaced apart from the drain electrode 66. Thus, the source
electrode 65 and the drain electrode 66 expose a portion of the
top surface of the etch stopper 52.

As described in detail below, the data line 62, source elec-
trode 65, drain electrode 66, and oxide semiconductor layer
42 may be formed using the same mask. Consequently, except
for the portion of the oxide semiconductor layer 42 between
the source and drain electrodes 65 and 66 (i.e., the channel
region), the oxide semiconductor layer 42 can have substan-
tially the same shape as the data line 62, source electrode 65,
and drain electrode 66. In this case, the data line 62, source
electrode 65, and drain electrode 66 are not disposed directly
on sidewalls of the oxide semiconductor layer 42. Further,
because the same mask is used, as FIG. 2A shows, the side-
walls of the oxide semiconductor layer 42, except for the
channel region, substantially coincide with the sidewalls of
the data line 62, source electrode 65, and drain electrode 66.
Furthermore, as FIG. 2B shows, sidewalls of the channel
region of the oxide semiconductor layer 42 substantially
coincide with sidewalls of the etch stopper 52.

Although FIG. 2A shows sidewalls of the oxide semicon-
ductor layer 42 formed along the same line as the sidewalls of
the data line 62, source electrode 65, and drain electrode 66,
the actual manufacturing process will likely not produce such
alignment. For example, because of the materials and
etchants used to manufacture the TFT panel 1, the sidewalls
may be curved or not formed in the same line. Thus, for the
sidewalls to “substantially coincide with” each other as
described here, it is not necessary for the sidewalls be formed
along the same line as shown in FIG. 2A. Rather, as noted
above, the sidewalls of the oxide semiconductor layer 42
substantially coincide with the sidewalls of the data line 62,
source electrode 65, and drain electrode 66 because the same
mask is used to form these elements. Similarly, although FIG.
2B shows sidewalls of the channel region of the oxide semi-
conductor layer 42 formed along the same line as the side-
walls of the etch stopper 52, the actual manufacturing process
will likely not produce such alignment. Thus, for the side-
walls to “substantially coincide with” each other as described
here, it is not necessary for the sidewalls be formed along the
same line as shown in FIG. 2B. Rather, sidewalls of the
channel region of the oxide semiconductor layer 42 substan-
tially coincide with sidewalls of the etch stopper 52 because
the etch stopper 52 masks the channel region during the
process of patterning the oxide semiconductor film 40.

Ifthe work function of'the data line 62, source electrode 65,
and drain electrode 66 is lower than that of the oxide semi-
conductor layer 42, the data line 62, source electrode 65, and
drain electrode 66 can be formed directly on the oxide semi-
conductor layer 42 to form an ohmic contact.
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The data line 62, source electrode 65, and the drain elec-
trode 66 can include various conductive materials. For
example, they may include nickel (Ni), cobalt (Co), titanium
(Th), silver (Ag), copper (Cu), molybdenum (Mo), aluminum
(Al), beryllium (Be), niobium (Nb), gold (Au), iron (Fe),
selenium (Se), tantalum (Ta), zirconium (Zr), tungsten (W),
platinum (Pt), hafnium (Hf), or an alloy thereof. Further, the
data line 62, source electrode 65, and drain electrode 66 can
include oxygen (O) or nitrogen (N).

The data line 62, source electrode 65, and drain electrode
66 can have a multiple layered structure. For example, the
data line 62, source electrode 65, and drain electrode 66 can
have a double-layered structure including a lower layer and an
upper layer. In this case, the lower layer can include titanium
(Ti), titanium nitride (TiNx), a copper alloy such as copper
manganese (CuMn), or other materials having similar char-
acteristics, and the upper layer can include copper (Cu) or a
copper alloy or other material having similar characteristics.
In another alternative, the data line 62, source electrode 65,
and drain electrode 66 can have a multi-layered structure
including a lower molybdenum (Mo) layer, an aluminum (Al)
layer on the lower Mo layer, and an upper Mo layer on the Al
layer, or other appropriate conductive materials.

A passivation layer 70 is disposed on the etch stopper 52,
the data line 62, the source electrode 65, the drain electrode
66, and the gate insulating layer 30. The passivation layer 70
can include an insulating material such as silicon oxide
(8i0x), silicon nitride (SiNx), silicon oxynitride (SiON), or
other appropriate insulating materials. The passivation layer
70 may include multiple layers. For example, the passivation
layer 70 can include a double-layered structure of SiOx and
SiNx. Further, the passivation layer 70 can also include an
organic layer instead of or in addition to an inorganic layer.

A pixel electrode 80 is disposed on the passivation layer 70
and connected to the drain electrode 66 through the contact
hole 75. The pixel electrode 80 can include a transparent
conductive material such as indium tin oxide (ITO) and
indium zinc oxide (IZO).

FIG. 3,F1G. 4, FIG. 5, and FIG. 6 are cross-sectional views
showing steps for manufacturing the TFT panel 1 of FIG. 1
according to an exemplary embodiment of the present inven-
tion.

Referring to FIG. 1 and FIG. 3, a gate conductive layer (not
shown) is formed on an insulating substrate 10, e.g. by sput-
tering, and patterned using a photolithographic process to
form a gate line 22, gate electrode 24, storage electrode line
28, and storage electrode 29. A dry etch process or a wet etch
process can be used to pattern the gate conductive layer. If the
gate conductive layer is wet etched, etchant such as phospho-
ric acid, nitric acid, and acetic acid can be used. If the gate
conductive layer is dry etched, chlorine based gas such as Cl,
and BCl; can be used.

The insulating substrate 10 can include glass, such as soda
lime glass and boron silicate glass, or plastic. The gate con-
ductive layer can include a double-layered structure such as
Al and Mo, or Ti and Cu or other appropriate conductive
materials.

Referring to FIG. 1 and FIG. 4, a gate insulating layer 30 is
formed, e.g. by chemical vapor deposition (CVD), on the gate
line 22 and the storage electrode line 28. An oxide semicon-
ductor film 40 is formed, e.g. by sputtering, on the gate
insulating layer 30, and an etch stopper layer (not shown) is
formed, e.g. by CVD, on the oxide semiconductor film 40.
The etch stopper layer may be patterned using a photolitho-
graphic process to form an etch stopper 52. The etch stopper
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layer may be patterned using a dry etch process. The dry etch
process can be performed using at least one of CF,, CHF,
and Cl, as etching gases.

Referring to FIG. 1 and FIG. 5, a data conductive layer (not
shown) is formed, e.g. by sputtering, on the etch stopper 52
and the oxide semiconductor film 40. The data conductive
layer and the oxide semiconductor film 40 may be patterned
using a photolithographic process and a single mask, thereby
forming a data line 62, which includes a source electrode 65,
a drain electrode 66, and an oxide semiconductor layer 42.
The source electrode 65 and the drain electrode 66 are spaced
apart from each other with respect to the gate electrode 24. A
portion ofthe etch stopper 52 between the source electrode 65
and the drain electrode 66 is exposed, and the source electrode
65 and the drain electrode 66 cover a portion of the top surface
and sidewalls of the etch stopper 52.

The data conductive layer and the oxide semiconductor
film 40 may be patterned using a wet etch process. In this
case, the etch stopper 52 and the gate insulating layer 30 may
be resistant to, and thus not damaged by, chemicals used in the
wet etch process. Accordingly, the etch stopper 52 can protect
the underlying oxide semiconductor layer 42 from damage
from chemicals.

As noted above, the data conductive layer and the oxide
semiconductor film 40 may be patterned using a single mask.
Consequently, except for the portion between the source and
drain electrodes 65 and 66 (i.c., the channel region), the oxide
semiconductor layer 42 can have substantially the same shape
as the data line 62, source electrode 65, and drain electrode
66. Thus, in this case, as FIG. 2A shows, the data line 62,
source electrode 65, and drain electrode 66 are not disposed
directly on sidewalls of the oxide semiconductor layer 42.
Further, because the same mask is used to pattern the data
conductive layer and the oxide semiconductor film 40, except
for the channel region, the sidewalls of the oxide semicon-
ductor layer 42 substantially coincide with the sidewalls of
the data line 62, source electrode 65, and drain electrode 66.
Furthermore, as FIG. 2B shows, sidewalls of the channel
region of the oxide semiconductor layer 42 substantially
coincide with sidewalls of the etch stopper 52 because the
etch stopper 52 masks the channel region during the process
of patterning the data conductive layer and the oxide semi-
conductor film 40.

Referring to FIG. 6, a passivation layer 70 is formed, e.g.
by CVD, on the data line 62, the source electrode 65, the drain
electrode 66, the etch stopper 52, and the gate insulating layer
30 and then patterned to form a contact hole 75. The contact
hole 75 exposes a portion of the drain electrode 66. The
contact hole may alternatively expose a portion of the source
electrode 65.

Referring to FIG. 2A, a transparent conductive layer is
formed on the passivation layer 70 and patterned to form a
pixel electrode 80. The pixel electrode 80 may be connected
to the drain electrode 66 through the contact hole 75.

Although FIG. 2A shows a TFT having a bottom gate
structure, in which the gate electrode 24 is disposed under the
oxide semiconductor layer 42, other structures are possible.
For example, the TFT may have a top gate structure, in which
the gate electrode is disposed on the oxide semiconductor
layer.

FIG. 7 isacross-sectional view of a TFT panel according to
an exemplary embodiment of the present invention.

The exemplary embodiment of the TFT panel shown in
FIG. 71s substantially identical to the exemplary embodiment
shown in FIG. 1 and FIG. 2A except that the passivation layer
70 is replaced with color filters 71R and 71G.
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Referring to FIG. 7, a TFT panel 1qa includes a gate insu-
lating layer 30, an oxide semiconductor layer 42, and an etch
stopper 52. A source electrode 65 and a drain electrode 66 are
disposed on the oxide semiconductor layer 42 and the etch
stopper 52. The etch stopper 52 prevents the portion of the
oxide semiconductor layer 42 between the source electrode
65 and the drain electrode 66 from being exposed, thereby
protecting the oxide semiconductor layer 42 from damage
during an etching process. Accordingly, even though color
filters 71R and 71G are formed instead of the passivation
layer 70, the oxide semiconductor layer 42 can be protected.
Thered color filter 71R may overlap with the green color filter
71G near where the data line 62 is disposed on a portion 43 of
the oxide semiconductor layer. As another alternative, an
organic film can be formed on the substrate including the TFT
instead of color filters 71R and 71G.

FIG. 8 is a plan view of a TFT panel 15 according to an
exemplary embodiment of the present invention, and F1G. 9is
a cross-sectional view taken along line C-C' of FIG. 8. This
exemplary embodiment of the TFT panel 15 is substantially
the same as the exemplary embodiment shown in FIG. 1
except for the configuration of an oxide semiconductor layer
and an etch stopper. In this exemplary embodiment, the oxide
semiconductor layer and the etch stopper are formed using
the same mask. The same reference numerals will be used to
refer to the same or like parts as those described in the exem-
plary embodiment of FIG. 1, and any further explanation will
be omitted.

Referring to FIG. 1, FIG. 2A, and FIG. 2B, except for its
channel region, the oxide semiconductor layer 42 can have
substantially the same shape as the data line 62, source elec-
trode 65, and drain electrode 66. Thus, the sidewalls of the
data line 62, source electrode 65, and drain electrode 66
substantially coincide with the sidewalls of the oxide semi-
conductor layer 42, except for the channel region. Further, as
FIG. 2A shows, the data line 62, source electrode 65, and
drain electrode 66 are not disposed directly on sidewalls of
the oxide semiconductor layer 42. On the other hand, refer-
ring to FIG. 8 and FIG. 9, a source electrode 65 and a drain
electrode 66 cover at least one sidewall of an oxide semicon-
ductor layer 42a. Further, an etch stopper 52a may have
substantially the same shape as the oxide semiconductor layer
42a. At least one sidewall of the etch stopper 524 is disposed
inside the perimeter of the oxide semiconductor layer 42a,
thus permitting the source electrode 65 and the drain elec-
trode 66 to be formed directly on a portion of a top surface of
the oxide semiconductor layer 42a.

Referring to FIG. 8, because the oxide semiconductor layer
42a and the etch stopper 52a are formed using the same mask,
the oxide semiconductor layer 42a and the etch stopper 52a
may have substantially the same shape. Further, sidewalls of
the etch stopper 52q are disposed inside the perimeter of the
oxide semiconductor layer 42a. In other words, a pattern of
the etch stopper 52a may be contained entirely within a
perimeter of the oxide semiconductor layer 42a. Further-
more, as the enlarged portion contained within the broken
circle of FIG. 8 shows, because the same mask is used to form
the etch stopper 52a and the oxide semiconductor 42a, the
distances “d” between corresponding sidewalls of the oxide
semiconductor layer 42a and the etch stopper 52a may be
substantially the same.

In an alternative exemplary embodiment of the present
invention, the etch stopper 52a can be narrower than the oxide
semiconductor layer 424 along the direction parallel with a
gate line 22, like shown in FIG. 8. But unlike FIG. 8, the etch
stopper 52a may be wider than and completely cover the
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oxide semiconductor layer 42a along the direction parallel
with a data line 62, thereby protecting more of the oxide
semiconductor layer 42a.

FIG.10, FIG. 11, FIG. 12, FIG. 13, and FIG. 14 are cross-
sectional views showing steps for manufacturing the TFT
panel 15 of FIG. 8 according to an exemplary embodiment of
the present invention.

Referring to FIG. 8 and FIG. 10, a gate conductive layer
(not shown) is formed on an insulating substrate 10, e.g. by
sputtering, and patterned using a photolithographic process to
form a gate line 22, gate electrode 24, storage electrode line
28, and storage electrode 29. A dry etch process or a wet etch
process can be used to pattern the gate conductive layer. If the
gate conductive layer is wet etched, etchant such as phospho-
ric acid, nitric acid, and acetic acid can be used. If the gate
conductive layer is dry etched, chlorine based gas such as Cl,
and BCIl; can be used.

The insulating substrate 10 can include glass, such as soda
lime glass and boron silicate glass, or plastic. The gate con-
ductive layer can include a double-layered structure such as
Al and Mo, or Ti and Cu or other appropriate conductive
materials.

A gate insulating layer 30 is formed, e.g. by CVD, on the
gate line 22 and the storage electrode line 28. An oxide
semiconductor film 40 is formed, e.g. by sputtering, on the
gate insulating layer 30, and an etch stopper layer 50 is
formed, e.g. by CVD, on the oxide semiconductor film 40.

Referring to FIG. 8 and FIG. 11, a photo-resist layer (not
shown) is formed on the etch stopper layer 50 and patterned to
form a photo-resist pattern 99a. The etch stopper layer 50
having the photo-resist pattern 99a thereon may then be
etched to form an interim etch stopper 51. Here, the etch
stopper layer 50 may be etched using a dry etch process. A
halogen based gas, such as CF, CHF, and Cl,, can be used
in the dry etch process.

After forming the interim etch stopper 51, the oxide semi-
conductor film 40 having the photo-resist pattern 99a and the
interim etch stopper 51 thereon may be etched to form an
oxide semiconductor layer 42a. Here, the oxide semiconduc-
tor film 40 may be etched using a wet etch process. Etchant
such as phosphoric acid, nitric acid, and acetic acid can be
used in the wet etch process.

Because the wet etch process may be an isotropic etch
process, it forms an undercut Uunder the interim etch stopper
51. Thus, the oxide semiconductor layer 424 is narrower than
the interim etch stopper 51.

Referring to FIG. 12, the interim etch stopper 51 is etched
to form an etch stopper 52a. Thus, per the above description
and as shown in FIG. 10, FIG. 11, and FIG. 12, the oxide
semiconductor layer 42a and the etch stopper 52a may be
formed using a single mask (i.e., the mask used to form the
photo-resist pattern 99a from the photo-resist layer (not
shown)). Further, because the oxide semiconductor layer 42a
and the etch stopper 52a are formed using a single mask and
the etching processes described above, all sidewalls of the
etch stopper 52a may be disposed inside the oxide semicon-
ductor layer 42a. In other words, a pattern of the etch stopper
52a may be contained entirely within a perimeter of the oxide
semiconductor layer 42a. Furthermore, as the enlarged por-
tion contained within the broken circle of FIG. 8 shows,
because the same mask is used to form the etch stopper 52a
and the oxide semiconductor 42a, the distances “d” between
corresponding sidewalls of the oxide semiconductor layer
42a and the etch stopper 52a may be substantially the same.
This configuration increases the contact areas between the
oxide semiconductor layer 42a and the source and drain elec-
trodes 65 and 66 (shown in FIG. 8 and FIG. 13).
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Here, the interim etch stopper 51 may be dry etched to form
the etch stopper 52a. A gas mixture of SF ; and Cl, can be used
for the dry etch process. During the dry etch process, a portion
of'the gate insulating layer 30 and a portion of the photo-resist
pattern 994 may be removed, thereby forming a gate insulat-
ing layer 32 and a smaller photo-resist pattern 994.

Because a portion of the gate insulating layer 30 may be
removed during the dry etch process, the gate insulating layer
32 can include a step portion in the area overlapping with the
oxide semiconductor layer 42a. In other words, unlike gate
insulating layer 30 (i.e., the non-etched gate insulating layer),
gate insulating layer 32 (i.e., the etched gate insulating layer)
includes regions with different thicknesses. Specifically, as
FIG. 12 shows, the region of the gate insulating layer 32
disposed under the oxide semiconductor 42a and etch stopper
52a is thicker than the other regions of the gate insulating
layer 32. Here, the region of the gate insulating layer 32
disposed under the oxide semiconductor 42a and etch stopper
52a is thicker than the other regions because this region is not
etched during the dry etch process.

Alternatively, a half tone mask or a slit mask can be used to
form the etch stopper 524 and the oxide semiconductor layer
42a. The half tone mask or the slit mask has a portion through
which light partially transmits, thereby adjusting an amount
of light irradiated on the underlying substrate. Specifically, a
photo-resist layer may be formed on the etch stopper layer 50
of FIG. 10. The photo-resist layer is then exposed to light with
the half tone mask or the slit mask, which would be disposed
over the photo-resist layer. Light is blocked in the area of the
photo-resist layer corresponding to the etch stopper 52a of
FIG. 12, and the photo-resist layer remains with a determined
thickness after a developing process. In the area of the photo-
resist layer corresponding to the edges of the interim etch
stopper 51 of FIG. 11, light partially transmits through the
mask and a thinner photo-resist layer than the determined
thickness is formed after the developing process. In the other
area of the photo-resist layer, light fully transmits through the
mask, and that area of the photo-resist layer is completely
removed after the developing process. As a result, a photo-
resist pattern having different thickness depending on the area
is formed. The etch stopper layer 50 and the oxide semicon-
ductor 40 having the photo-resist pattern thereon may then be
etched, thereby forming the etch stopper 52a and the oxide
semiconductor layer 42a with the same structure shown in
FIG. 12.

Referring to FIG. 8 and FIG. 13, a data conductive layer
(not shown) is formed, e.g. by sputtering, on the etch stopper
52a and the oxide semiconductor layer 42a. The data conduc-
tive layer may be patterned using a photolithographic process
to form a data line 62, which includes a source electrode 65,
and a drain electrode 66. The source electrode 65 and the
drain electrode 66 are spaced apart from each other with
respect to the gate electrode 24. A portion of the etch stopper
52a between the source electrode 65 and the drain electrode
66 is exposed. Further, the source electrode 65 and the drain
electrode 66 are formed on a portion of a top surface and
sidewalls of the etch stopper 52a. Also, the source electrode
65 and the drain electrode 66 are formed on sidewalls and a
portion of a top surface extending from the sidewalls of the
oxide semiconductor layer 42a.

The data conductive layer may be patterned using a wet
etch process. Here, the etch stopper 52a and the gate insulat-
ing layer 32 may be resistant to, and thus not damaged by,
chemicals used in the wet etch process. Accordingly, the etch
stopper 52a can protect the underlying oxide semiconductor
layer 42a from damage from chemicals.
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Referring to FIG. 14, a passivation layer 70 is formed, e.g.
by CVD, on the data line 62, the source electrode 65, the drain
electrode 66, the etch stopper 52a, and the gate insulating
layer 32 and then patterned to form a contact hole 75. The
contact hole 75 exposes a portion of the drain electrode 66.
The contact hole may alternatively expose a portion of the
source electrode 65.

Referring to FIG. 9, a transparent conductive layer is
formed on the passivation layer 70 and patterned to form a
pixel electrode 80. The pixel electrode 80 may be connected
to the drain electrode 66 through the contact hole 75.

According to exemplary embodiments of the present
invention, an etch stopper can be formed to protect an oxide
semiconductor layer from damage resulting from a subse-
quent manufacturing process without increasing processing
steps. Also, sidewalls of the etch stopper may be disposed
within the perimeter of the oxide semiconductor layer,
thereby increasing the contact area between the oxide semi-
conductor layer and source and drain electrodes.

It will be apparent to those skilled in the art that various
modifications and variation can be made in the present inven-
tion without departing from the spirit or scope of the inven-
tion. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A panel comprising a thin film transistor, the panel
comprising:

a substrate;

a first electrode on the substrate;

a first insulating layer on the first electrode;

an oxide semiconductor pattern on the first insulating
layer;

an etch stopper on the oxide semiconductor pattern;

a second electrode and a third electrode on the etch stopper
and the oxide semiconductor pattern,

wherein the first insulating layer comprises a first region
disposed under the etch stopper and a second region
disposed outside the first region, and

wherein a thickness of the first region exceeds a thickness
of the second region.

2.The panel of claim 1, wherein an upper surface of the first
region of the first insulating layer is a non-etched surface, and
an upper surface of the second region of the first insulating
layer is an etched surface.

3. The panel of claim 2, wherein at least one of the second
electrode and the third electrode is disposed directly on the
upper surface of the second region of the first insulating layer
without being disposed directly on the upper surface of the
first region of the first insulating layer.

4. The panel of claim 3, wherein the at least one of the
second electrode and the third electrode is further disposed
directly on a sidewall and an upper surface of the etch stopper.

5. The panel of claim 4, further comprising:

a second insulating layer on the second electrode and the
third electrode and comprising a contact hole exposing
the second electrode;

a fourth electrode on the second insulating layer and con-
nected to the second electrode via the contact hole in the
second insulating layer.

6. The panel of claim 5, wherein the second insulating layer

comprises a passivation layer.

7. The panel of claim 5, wherein the second insulating layer
comprises a color filter.
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8. The panel of claim 5, wherein:

the oxide semiconductor pattern comprises one or more
compounds represented by the formulas A B,O, and
A B,CO,

A is In, Zn, Ga, Hf, or Cd;

B is Zn, Ga, Sn, or In;

Cis Sn, Zn, Cd, Ga, In, or Hf;

O is atomic oxygen;

each x is independently a non-zero integer; and

A, B, and C are different from one another.

9. The panel of claim 8, wherein the oxide semiconductor
pattern comprises one or more of InZnO, InGaO, InSnO,
ZnSn0O, GaSnO, GaZnO, GaZnSnO, GalnZnO, or HfInZnO.

10. The panel of claim 1, wherein at least one of the second
electrode and the third electrode is disposed directly on a
sidewall and an upper surface of the oxide semiconductor
pattern.

11. The panel of claim 1, wherein a pattern of the etch
stopper is contained entirely within a perimeter of the oxide
semiconductor pattern.
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